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ia?hauoiMSAis, m §9, HjiafeA, 1 , i-o<4-i £)Atoif a 9, 3,3,^130111-1,1-0 
C4-afe)Arais*«iiag, i?2a-s,9ci(4-afe) s> s^ao -9, s-ci (3-« ) wss oi^oi 
a agoDAi a<m\t woi«ei ai^a^ s*is .*i= sea.. -oissi ggt,^ as 

0®£f Stf lOIOI §3 ^AHfOj 2f 15000 LHAI 100000 g^|2| ia?fajOIMJ«: rBOOIMj (ESOI2 
7WO|7|i?AJ?|7J0IA» SIS), r*pec HTj (BtOISAJ JSS)]7f ti|gS|W7| AltSO. 

m, BISSS laOHaOISSAIS (7HJ7^«7}7^J2iJO^A|?|7|0l/l 35), U #3Di 

j (°US?l-7f"A|?|7IO|At Mis), rQAffij (Ol^tfrA} n&) SOmAISQ. 

a®> aasa sagas^sAis 'wskffj cusgis^AWww sis), (jsr7^ai?i 

7K3IAJ 3SS)7f 0|A1£!D. 

#S j3=A|- 71^21 HS&B2SAIS SS^gOILi Am5^g S°l &B0| OBAISQ. 

^ ss^si ss eeosAis mat §°4S2si A^gsioi mm= 2oi w&^ra. 

oiawoi «wa 7i&g a&oi s^sis qejsi an 11*321 .seojajs a^ 715 s ^g 
^ 7©2i 2*ld aacBoi^aoi uis«i sacfAi^ oioii ^7ieioi a^ 7ia^ a ^g saw 71521 ssf 
jg ggg mgs. sfism. = a^ 715 s ^g hsa> 71521 ^ $n gtf°] ggti nze ir m 

M K-J(nx*ny)/2-nz] >!(ej KSttJl -250 LXAI +150ra£! 201 H^SIDj -200 LHAI *100na2| "91011 SS 
201 El XI B»B£| AIDPI «§S gS 3011 MCI HH^'SO. 

B gg£l 43 371 3ES Sj^SI- USA! 71521 J?g 371 3E#0I BHAIS am OISA>S » 
S§IS 7K3 SU3fS(A)l iisa. 

0171 A1, 0|g»SAiS, IHIl '13. HEW 0ISA1, 7H2 OBi! 0|gA}, 7B ga^Eli! 0IHA> g 
4 SJD, g«8 Q!S^2I S3 SAT =I3£ 2 LHAI 4jj»2! 201 U^5|*fO. S3 BAT 2jgO| 4pnl 
^2(5IS g^OIIS 712 gmg?i 2f ^IE 3?| SIS 201 gfiSfiS 12^££ 0|gA>2| S3 S 
A> ^32j ^JcflJ' 7151 StttllSSI af. ^I2| ^»2| g*?W 2jJI S3 171 S0I7I 0.3 LHAI 1 u»2J @ 
*IO0 ^0i7fE^ E5 52§ XI 01 o IS 2S £€ft|Cf OISAS ufef*/ S3 BA7 2 0 Ifll 
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s srs£i umim .^a isatwg f #3£s skDi 2/2 & tanoi semi ais»§ 

0]E§ SkOi 53201 Seg *fe 22£cg3 Sfctffi, fli!E|E£}»«Si^ae! St SMU SV 

saaa a ,fs r % Baa! 12a 47a, i^ai 4=73, n4ai 4ai ssi isa 4*1, teiso* 
snaioig, gaoi^asoBiaoiE. saeoHuaois, on^AioeiaioiM #3 o?+hS oet! 
aioiE^ smu s/i^ isinDi sgs sfe s-aw 4*1 1 1 4 so. 01s soiais DSfe 

g Of3iaO|e 4X1 II Alfsfe g>AR< 38 4=?3= .»AJfiS| -EAHH SISI H|j2Sj SAIZHHI 
7* S£ 7K2 S&3f#0l 4SiE|£ g£S^Ei aSSSOS ffl» 3» .StMft&S/J 3E. 

7!^ aff ^§01 2t2D|-.3IS..«B-^«OT..A}SSO. &6H Oii!ft2| 2JA} 33., (HSXlSt Tta-SftMSi 
5S* a £d|«0 5 ^ 2) °' ^ )lfi lg .S3 #71 SDI^ 0.3 UI7d 1 S?|OJ lOi 

SAh* 31*4X1= SXW g2| 5AHt£g« §tf01 StIEIc 4X|# 7EI2I0I B 

£i 721H08A1 2JH 0Jg2j 0BI£g7ll Sft"OSfe« 0}3iaiOIE gg^ 4*1 3E«gO| 
DBS 4A"|g 1 * SID. MI 13, EEIHll=e5S5joE^eiOiE> M£IDfl#=S5Cil§S!^Af 
DIE EaOEiEHOlE, ME!0lllg=S5=S13^AH3l£ MaOBVaOIE,.DI±AjOPfStt 
0flI!?iStAK)!E 3g EgoeiaOjg, E' EKtf 3 EEJOBS S 0I<= , PSPOtEl^agSEIOBl 

gjOim, P&iEI6l5li2Jg*SAKiESa3!M> OH8KaA|Qll£EK£|OI3Si!K)l£' g£I ZfS OBI 

aoiM airDiu ^aoiiaa oBiaioiM, oBiaoiE, m*ai »s oBiaiofe 

f 2J D5sg GfHlEIOig #EPOI SOI BM Iflg §EOI HKPmCb 0» EirO) S/Efe mil 

u m= e^s a&spiu mm stmor 4 sssch sst 3?oa ioaAj;= a^rowi 
E£i ?*4#si mmm sum 2»e um^m\ saisp. 

ESh 7353^ 2AKH 2KB 4SI#£I §L k s ^Alol- g^OB^ S33=! I^THAIIO atf S7I-SP. 
fBMJHAISISAI^, 08^ IS, DOi^AJOHJSiffe, 2-0fI-1-(HflfllQ5:»y]-2-as§ai L ss5, 
2-ofO| -1 -ay i£EM -S, 1-SKJ|E^AlAJOIgS«gay38E §21 OfAj|Elfe?ll 

il^AJ |2a *JISA]i= «|g 13, QS S^&i(02J ia^AI 4X1 ■, H^AIttEfe 4=7], B^AIDI^Ejf 
S 4*1! D2.^g OliAjpHJOie fluffs 7|5!Al?i ?jg g ^ SO. 




C-^^-0-(R^)-C« 2 CHtOH)CM4 -j- 



«2| a«K4 JOIAJ, 

R' LHXJ R*g BgSJ7iU SOt^ 4i E= SJ:4= 1 LH71 321 %m 310ID!, 

ifs 2 uxi 52i sag □SOUS, 
x& aasTi. oflia= agoiDi. 

i^ O IH73 32| 94010, 
nS so MX! .30021 

OlSDilAiE ^81 R 1 , flfe Ml ag, if LflAI ffg R 7 ^ SS!! ^SOI £SDl S0I5H31 4?i+g2l 

?£tt CfSfeS CHiAIOmiOlE St v lSAI^ IgXfSM OliA|OHJ0lE7lS 2» ff^sOj 
3 SSffHl QS2i 3i0i OIAISO. 2,6-giS«aOI±AjQK.1!Ol£, 2.4-§i!liP0|iA]0HJO|e, MIS 
DOIiAJOKJOIEeatHiitsgitOiOEji^ t-AK)l*S«4f-1.4-a0liAJ0HJCHE, n-iySSPOIAAIGF 
UOtE, P-ayaPOIiAIOHJOlE, ^AHHliaaOliAIOHIOlE, J,3,6-«!AHHI§aMaO|iAI01-LllO[M, 
DliigQGIiAIORJOlM, 1,5-LeggP0JiAI0RJ0|e, iggpoliAIOHJOlM. H^^eiPOIiAlO} 

uoiE, 4i 3^s?yaoiiAioniO!M, pjayDi&-4-4'-poi4Jviouoig, 4± %?i amm^ 
-4.4-po!iAiomoiE, aoiiipoiiAionaoie, aotdM^aEMaoiiAioutoiE, E2iBsyDiigea 

OliAJOHJIOlM, M£t ^ (OUA)OH4IO|Eiy )E| 0] B-EiEEH«l!3^?!P0!iA|0HJ0IE, p - 

agEHiiii3eaapouAioK.ioiE, i,6ji-sagmaoi±Ajomoig, i , 8-poi ^ajohs oi e -4-oii ai 

OWIOI EDfiH^ blAHDIgaa&MEIOI^AJOHJOlM, 2,2, 4-MEfDjlS&j AHHS €! POI iAiOHJOl M, 
2,4,4-eEJIHIS«IAIHSaPOIdbAIOH1IO!E §£| gElOliAjOWIOlE % 01S2I EtS E= W\ m 
§. DISOBAIE =S| «§^, ^§^21 SgOiAi 2,6-i@?*POI±AIOHiOiE,.2,4-li!SPOii: 
AlOHJOjE, •HaipOiiAIOHJOIEMaMiliSaOH^EU, t«AH}Jl?liP0liATO0IE7f Bm*it\- 
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32j 201 At, 

tf= *± m nsoiDj, 

4=^ gaiAisayoflaia moia, 

fi vwaMraJWUwwte*^ w SS6,?| o,Bnnj 4 

bag oh^aj 4Jts jmk\?\t sssigAie stjh 301 ^§sa. at sb. .Drew gaotoiiroi 
ajipi £ sra .oua*. t«a&. m §21 sua;* Aisaa. Oil §<HIA|£ £ ? 

tU^K3IE£i?^Zir<M-. MBE||gaeiOIE3S*£84!- §2) TJS^ ^ §2| gf*M=| 

BL^&^J&JPS Ul^(4-Oiaiir-3-DllSaA>0|§S*Jfe'HHI&, □ OKUcAKHB 

S^DH&, <M3£P012! if ft 4 2i£D| §81 «l^(4-01D|iL-3-«gDA}OlgS4i!^)lMBOI 
OrD. 

JL*F gAI * AHgofe 2?, M^AI 4*I2F i+ *?4SSI gSWJSg *3Sf& eft* 

215 S7ffif * SJCh »g*S7J£Al S 5001)1015!, 2,4,6-]£a£(DDl!§!OH3JiOIIE)H£> UEIE! 

4* SID. 

se#. ff^sr^AwtEHi semsMg 2 lhsi *«sa. .so b^sm^ 3 lhaj 4&&g2i 

0|Eg S 0I& mtM MSt\^ 301 U©»SH3I Olftg 013 g« ^OH/d B!So1?« 71=£i*S| sj ^ 
-««!• gAJ&KH gggtfi taHDiSlAI?! 2E HIS^ A»HQ. 

^t¥,^ IE M^ m SEEHIftAlftS. agaOH^A!^^ DllE a iH|EAfS&, OjliSEl 
t »J§. aaSlDDllE^SSf, v-2aAJ^AI=SfiSaDI^AJ«&, M3,40tqCTA|O|ffSI!ft)BIH 

MaoiisiAim uussmvAitfs, H-p(oiofcogs)^-oiiSliglEtM^Aii&r^ 

N-p<OFDlh:MS)v-OH]|iLi£gD!iaiH)^AI«&, v -OKIIit££S MS) OH «AI ggft i 4 SO. 

Oil 3±iNtM0lE£ .7NBN 2|«l S&OI SftSWS SfiOi 0E1 JCBItf 121 2$ MUM BZm 

e sag nig*® ferssfe gtJ5i#(Afe <=2 hma> ?ie s= ^<s*j vm^ % 

§2f g^«l ^Al?l^ ?\tsm (2) K2t01 g£| SStS PS# §SS ^ £ §£j 




I wesi oigx® *jssfe pra i«ii)€(A)2j «g&s°gAis .^iti sitoi s/as ganDi s 

W tolsKS feEU 8£ft E5«!5 2St!Q. Oi35i HMA> 7IS 91011 EStf CH, & 

Md 2ahu 7)g«a =oj sm s&aj?id. E5&^£SAi=, tm§ s3, DKegnaeiot n 

gDl El»«), OOI am®, LIO|= B^g, flMS 12) 2,^ E5^»01 AlgSD. 
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Eft gm f £SI m 271 2Eg 3t«2| §*J sg, egoi tfSSCf- 017IAS, 7H2 S 

tJa#(B)^ §4* S^AHJIEl 7^g*i S S^tJtHS DWOiB 201 SISJKIK 3N l^AIGIE 
§WA|E 7PS3 £EU 3gg/?g 271 SEtOILJ 715 §2f2| g&Tg §01 S4olO£ 5S0M El 
EfegsiAiOlE, SSSh^^AIOIE gi 3iSM-|AK)j£?> H^-SHIK Oil 33 SmAJOI£2| 
2! » 712 g£}5it(B)£J ^gggoii SflAlS **8*Q. E*f, Oil EkOj SS/E.S #Sl2tH S§ 
£ 2S$? D!# SiTtra USB 4 SiQ. 

oioa 7 hb st,^§{B)M^ oigft tei grog «gir * si*© « b 2?i 2e#2i sa I7i 

.0! SJ 171 gE§ »OCfe,20l CHa^XJD) 7fcS §t$lt{6)2| t££A12| 2E7f s&EXIES D|§» 
S2| i&m^ 4'13££ tf^SR Sfe 201 »H*ft»Q.- 

DlgTJi thSSfe 7U2 §£«SI£ (A)Sf *9 27! 2E§ AH3I08 7U2 gga #(B)3# *!tSI£ 
£ 7li2 StJS0#(B)2| ¥1£ UH82©ffl= 23318, 2Q U«fflWII£ 250|g, QS? tffiPftPIc 3001 
gOIQ. =)I7f 20n* OISMAI& ?g 271 2Eg 3#H°S 1W.5«0IU 7I7P! ^g2) S/gSia 
7} SO. E*h ^ ^JHS| g*>2 tiH^Pfl^ 110m 0151, MQ HI&SffitfflB tOOrat OlolOID. UOm 

s mtm ?g S7i 3£g 3<§a£j sig. .^sj ngoi eeidi won a= g^ sio. 

OlgXH 7HD 8tn*(A)S} 712 §t!il£(B) AJOIOS 7|H §&a*(B)fiQ 3SS0I 

2 3CH|ft(C)S fi*J&£S# «S 271 .3 Eg ^e^SJ ?\m& S^£j SWsOl 2tS|£|01 £2fel 

«a*r 4= sta oiatt 33, sua em. tis. stm&m at m 2e*°i ^ 

■S}- mm S.m^2.S.)H *Pg 271 2E# ISM*! IDS 450 LfjXi ES0rent)||A!2| IS 9WS0] 5;5t OIS! 
0101 ?H92rb*2t£ US Z6?^S:0iAJ Stffe L*a*b* JW»2| aSD^Uli 734 b*2tE£ 

-2 LH73 *32| SfS 3301 HH8^*IQ. S2 »A>H 5.EX OIS!, b*Sfl -2 0173 *3£S -«!£EJN 

nai a±taoi ?im ^*js!e o^#aoii s ^ sis si sii«^.g?7} 7i£i 20. 
am §3 iAi s b*si fltmTj m ias psst §0. 

(1) 7fc2 §^S(C)S 0I2J gglOl 1.70|g01DI m 271 2E#2| ^0.3 Oi«£J g?ilHI 

SiSDI 0|2| Sj- «=JJJ7f 20 LH73 ainn£| S9{0! 512331 7m Se*fl#(B)£ 0|2| gg#0| 1.35 LH73 1.5 
2! g^lDI Sl£D) 0|2| 5* ?M7h 3D LHXI 11DMS1 mm 2t£D! #S 271 2E#£ S{ J=BH7K12 LH7q 
30ni2| %2m 3312 713 S^g(C), 7^2 «^*(B) S 271 2ES2| ej. cjjj 

(CS71AI, Sfcf e^^Bfe f 2J H#0| Hf S^2tt)0)2| tJOl 180 LHX1 230rafi| 2$.' 

5=, (2) 7>i2 Stfj|*(Cte 0121 gggOl I.TOIgOID! ^2 271 2E#2I i^g «C.3 OjS^I m 
Oil 2!£ffl 7FJ2 St«a#(Bfe 0|2| gglOl 1,35 LHX] 1.52| g«M ^£01 271 2E§= ^ = 
HP! 12 UIXI 30r»2| g#10H 21201 SSM^CB) 53°l SlAfgO] E!& 26Q LHH 390im2| mm 3± 

7na mmrnv s 7^h stia#(Bfe ?g st^aioiei 7^ssi a e^sfsioi oi^ota ?m 

St«l§e.i 201 B^efQ. ^AJOlEi 7^^S5 3 S^KM OI^OIS Sfti^ft ^OSAIE 
7l?ISj it-EU EJgg, IPS 271 SESDIU 7}S St^S 12!2i §01 &gWIA} El 

Bh^miE, xisaBS^A>oiE a ^i^wiEi 7^g«i s s^feSKs oi^oia g^aigoi 

ElEte^AWIEgAI^, Mjg 13, EI&feaMg{OI±Eg^A|0|E, E|MEhn-=Sg£HgE|EHJO|E, 
ElEfeEtSEhn-^AHJIE, aSa?l^(2-Dli!«$^AI']E|EHI0IM 101 08AIE1DI mi. aSSftSWAf 
OlESAte, Me £9, X|52feaMEi0li5g^AiQ!E, 7a = 5asHJga-n-^^A}0|E §01 (HAISa 

^i^^AIOIESAi^. 08^ ^2, aEEHUKAIfe^, aSSIOnSAIti^. DSiMEIIH^Aj^Hf, DflgEl 
(HWAKS&, OtHISO0I^AJS!&. v-aaAI^AIHSBgEiDWAItfg!-. p-(3JM^AIA)Olse*?S)IHIS 
gEHH|KAI^&, HiyEEIM^AI^e-, H-p(OH3!iOSS) *-OraE££fiSeiOS^AIS&, 
H- p (OH3I E(Hli ) v -OlDlicE^g IHI §□ Al v-0«fk£5i:e£|0{^Al^^ §01 DHAJSQ. 01 
1 3±SmAK)IEi= SSOI IOEI #2) 71^5! SEU g^g S IHgHg §21 SgOIAJ 2§^ Olgg 
SfefSKS AJgtfe 201 HH,^^ 2?7F S£D) ««| ^i^A10|E2| 2fl| 5g§M §g H|S 0.5 Lfi 
XI 60S2J SWICI1 OmiWIi- 2= ^iSf^AJ0|E7t fe^SIO) 2^ 20] HUfSftO. 

OH ^ATOIE^ EEOfSAI AI§«7)U DIE! 'Tt^tfWBI- IT* mm ^AJoKM SjgoW SEIU 

wmn mu * sta. ^g»£ £ 0 ii§ s^ismoi iti. a^y e^s 7ib ?im ee 

lO, 715 m ^gS EEHfS S7I§2| §M 2|t| 7^^ff|7F 21»EIB, **SS|Aj 1,^ 

SOI 2SSD. SSfSjES §^t}2| mm sjSt? 7^^E|7F gSefDI ESB2I §§0|A| IffiTc 01 

g2i seosai otg2i gsaai ^aisi^ 201 uw^«»a. mi. g^w raaAi^ g7i*^ ssei 
■a saoKfl waa §21 sgg^g £5stoi sais£s«i 7hhei scf s§ 4 sick 

a«i §*ii3ai=: mx, m^nsi ssi, oji is, om#, ^&g, 2-«§-i-z£5 

H»SAj-2-ES&§. til2, A}0I1£«!2-, §01 0I2IDJE, 3^3, A! 

oiss*SAfe. owM^oi^^i §21 §oie Af§s ^ on* e 

2§ 0|g2| §?iSAi MSST 4= 2!Q. 
# ©80|Aj2| ?g 271 2E#£ 7ffi Stja^(B) ?|M ^*|SCK .013^ ^g 271 2Et££AiS 

?e 2tis£ 01^012 *Dia. a« iusi iuraeia sisa- as aeigsi §££^a= 

S|- ^ffll 12 LHXI 30rmDIAi S3 mSDl 100 LH73 2000Q/O, M> HH,^&CTI^ 150 LHKI 200DO/O2! 
mm UEHSt f g 271 2E#1 WgSfe 201 »HS!«0. Eth ^g 271 2E#2J Sj- 5W7F 
12n» OieOfiAfe THt^ SA| 2fgg0! g0lX|£ 2?£D1 Et? 30rw§ iBSO ^g 271 2E 

g ^S^|2| ^1^01 7il*f£IES Ofe^ra Sm. 

S« 3^ if£fsSA1=, 0111 13, 3EIS1 31?*! mmm. £11013 ^ 

tut i ^ 3Lh Et?. oiEiif ?g S7i 2Es §««& DAi mm, i*mmDm. V 
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wjssb, mm% m 53 mm *w 012 «k?i? 4= sio. 

011 ^2 S7i sess iaHug, oisiaoigg, ag^s, cvoa m sxie stasis 

g AUSIOl ^g^- 4 SID. OlSfilAjE a* fef?, 901 BSHHI^2| 2f <=! 3!g, £g 3i!g£! 3 

em mdsi-flsss s= eisci nvgoi a^taoi m we ais ^biwai as** tissi ^ 
^sr -sjq sctmhs sss 71321 *@ 37] 3E#i ^ grata* s§ urns 

S/E£ LHg*8£t 3fe 712 Stfltt 201 HUraflQ. 0t«e 712 SEftl* B Oil 0if[ 

ns tssAis£3#i oineiss, 2% sjqs. sEiaaoigi wtb 4 so, stt 7ks ssf 

^7l# UF21 SS, Ml 12, 0}3i?t 4*1 12) WAKS B^AI 4flU W^A] 

4351 S£i ggS} 4AJ S 3iS-^AH3IE°l StfltHf i 4 2IO'. CHi SOME Q121 4*1 19 » 
A12 3»"«3q£-«AKS£| 2AKH1 S|*| 0123 &A1210S 712E71 *S #01 1*£¥E1 *£ 

oi 712 stiats 713 *m *a ase a^i Timm mm. o\m 

nm£M.M^ £7m niSXH tfSSHr 712 £ttfHiKA)&l AtStt 22f 1S!*> 5114 2tQ; 

Ota)© 7hb stfsssi ^a«f@os sshaie gat* as** rane 7m stmsim sssasi 
-gg& ws& Aits 4 aQ. 



QsM, £A|W0fA| S SSI SQ &7»?{ €9*1X19 «S 371 SE£ 13 §71 fcO|, 171 

BE. 101 132E(fe), 371 m?£2| STteBS OSS »Eh 

13 171 SOL 171 SE 

Eig bs ?ai^ aoisi eo&taoima&iioidH, ilkid)*. jussioi 2go h h^ aiohhsi uii 
wis id lhai mm 171 son jh^^i^s cm, 13 S7i *on ^tto. 

Et!:. *tt AlOWtJy S7| 171 g£(9$l SSjgSt iTi^m asm- 

101 S3 

i§ *g aoi W ifS ^E 4.8W./W, tflOIEI 14 1000, WDIBii SH 20pi»S 

u. 

S7t LH^ 

e ¥S a?raE« ^SXlg 7F& 2^ 7IB£S *WI SEI 33 7IE1 S§ 33 7I3£S 

S SHU MStlD. am. SS0I -0".BRS! IHIOW&'Tifl SI AlgSICB EW 7IS 23 7133 

S7I0CF £IUOiaE|(linearlty)§ SSSO. EILIOieiEI7^ 1.5X1 ^1SPID1A12| g?| S7I 

ser. auaaeei ^swes cua- so. 

71§ 33 713 ?l E= 21 S3 713 S)2j Itf 33ZKH1 3Ef BV1 2!7}tlCK 84S 3321- 4 

EB, AS^EIS) 7)Q MM°i 3S S^SJt EX, Ol^l ET, EIL|Oi3Elf LOIBU ««. 

ET= (EB-EA) • V.[8-A)*EA 

L(X)«( |ET-EX| )/(E8-EA)- 100 

gAtd 1 LHXI ^AlBfi 3, i «H« 3 

E IS S «S2|-« 7173 ^AjOSl EAtffe EiSJ HgOIQ. ES U)£| (1)S 713, (2)» (8)S 
f=3 271 3Es, (3)S Eg ilOW, (4)£ lEIOI13aa=^aiO|g(PET) gg, (5)^ 7112 MM 

m, (6>s aisai t»ssfe 712 stmt, (7>s ?b mmmu. □an, ^ei 7i3(i), #s a 

71 23E#(2)21 EJg i»0|A|(3)M HJ&fl H§ S3 71301 ^§£101 PET g£(4), 712 StffllS(5), 01 
fbl I^fe 715! ^*i#(6), 71E S^a±(7), ?S 37) 2E§(6)0{ £|68 71S 33 71301 ? 

sao. 

«H» EW Hfiii= Cl^ai 901 *W1 »5ffi!a. *fl, ?M 1.1iw>2| SEI 71313 ?f30i g SSiOJ 
SW SiQtt^ Qg,. AfilElgBWI £1 SI ^« 18n£| IT0§1 371 £!ES(2)SAI ^xltCK 
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(57) ABSTRACT 

This invention relates to a transparent conductive laminate 
and to a touch panel which uses the transparent conductive 
laminate and has excellent durability and excellent visibility. 
The transparent conductive laminate contains a transparent 
polymer substrate and a transparent conductive layer dis- 
posed on at least one of surfaces of the transparent polymer 
substrate, the transparent conductive layer has a surface 
containing micro bumps, wherein: (1) the transparent con- 
ductive laminate contains a cross-linked polymer layer (A) 
containing fine particles and a cross-linked polymer layer 
(B) between the transparent polymer substrate and the 
transparent conductive layer, said cross-linked polymer 
layer (A) is disposed between the transparent polymer 
substrate and said cross-linked polymer layer (B); (2) the 
cross-linked polymer layer (B) contacts the transparent 
conductive layer; and (3) the surface of said transparent 
conductive layer contains the bumps having an average 
height of 0.3 to 1 /um and a density in the range of 350 to 
1,800 bumps/mm 2 , llie transparent conductive laminate can 
be used as an electrode substrate to provide a touch panel 
which has excellent writing durability, does not generate 
interference fringes in the touch panel, and gives non-dim 
and easily readable letters on the display. 

18 Claims, 2 Drawing Sheets 
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TRANSPARENT CONDUCTIVE LAMINATE 
AND TOUCH PANEL USING THE SAME 

TECHNICAL FIELD 

The present invention relates to a transparent conductive 
laminate and to a touch panel which uses the transparent 
conductive laminate and has excellent durability and excel- 
lent visibility. 

BACKGROUND OF THE INVENTION 

Recently, the wide employment of portable information- 
processing equipment on which a liquid crystal display for 
displaying information and a touch panel (called a switch 
panel, a membrane switch or a tablet) for inputting infor- 
mation were loaded was started. Most of the touch panels are 
resistant film type ones. Each of the resistant film type touch 
panel is formed by facing two transparent electrode sub- 
strates having transparent conductive layers formed thereon, 
respectively, each other at a distance of 10 to 100 jum. Both 
the transparent electrode substrates are brought into contact 
with each other only at a site touched by a finger, a pen, or 
the like, to act as a switch. For example, the selection of a 
menu on a display screen, the inputting of a handwritten 
figure, handwritten letters, or so on, can be carried out. As 
the transparent electrode substrates, ones manufactured by 
disposing the transparent conductive layers of a metal oxide 
such as indium tin oxide (ITO) or tin oxide containing 
antimony or the like on substrates such as glass substrates or 
various kinds of transparent polymer substrates are widely 
used. 

In the touch panel, the transparent electrode substrate on 
the side to be touched by the finger, the pen, or the like 
(movable electrode substrate), is preferable to be flexible 
from a point that the figure, letters, or the like, can easily be 
inputted. As the movable electrode substrate, an electrode 
substrate obtained by disposing a transparent conductive 
layer on a transparent polymer film substrate or a transparent 
polymer sheet substrate is usually used. There has been a 
problem that, when a flexible transparent electrode substrate 
is used as a movable electrode substrate, the movable 
electrode substrate is loosened due to the changes of tem- 
perature and humidity, resulting in the generation of inter- 
ference fringes between the movable electrode substrate and 
the facing fixed electrode substrate to give an indistinct 
screen. There has also been a problem that, when both the 
surface of a movable electrode substrate and the surface of 
a fixed electrode substrate are extremely flat, the electrode 
surface of the movable electrode substrate and the electrode 
surface of the fixed electrode substrate are adhered to each 
other to cause the failure in the operation of the touch panel. 

In order to solve the problems, the present inventors 
proposed a method for making the surface of an electrode 
with micro bumps. In JP-ANo. 8-216327 (1996) (hereunder, 
JP-A means Japanese unexamined patent publication) is 
described a touch panel that the generation of interference 
fringes was controlled by using a transparent conductive 
laminate whose transparent conductive layer surface has a 
central surface average roughness (SRa) of 0.05 to O.40 um. 
In JP-A No. 10-24516 (1998) is also described a transparent 
conductive laminate which uses silicone resin fine particles 
having an average particle diameter of 4.5 fim and has an 
excellent slipping property and whose transparent conduc- 
tive layer surface has a central surface average roughness 
(SRa) of 0.003 to 0.04 /Am. Thereby, the problems of the 
generation of interference fringes and of the mutual adhe- 
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sion of electrode surfaces were solved, but writing durability 
was often insufficient. Namely, when a test for the writing 
durability was carried out, it was found that the peeling of 
the transparent conductive layer was sometimes caused on 

5 the peripheries of the electrode surface bumps of a movable 
electrode substrate, resulting in the deterioration of the 
inputting performance of the touch panel (for example, the 
generation of misprinting, the insufficient accuracy of posi- 
tion detection) after the test of the writing durability. 

10 On the other hand, a transparent conductive laminate in 
which a coating layer containing fine particles was disposed 
between a transparent plastic film and a transparent conduc- 
tive layer was proposed for improving the writing durability 
(JP-A No. 10-249975 (1998)). According to the description 

15 of the patent publication, the damages of the transparent 
conductive layer were concentrated at extremely small areas 
around the apexes of bumps, because the bumps were 
distributed on the surface of the electrode at a proper density. 
Consequently, even when the transparent conductive layer 

20 was damaged, the total resistance of the transparent con- 
ductive layer was largely not changed, and the accuracy of 
position detection was scarcely changed. Further, the good 
average particle diameter of fine particles contained in the 
coating layer was in the range of from not less than the 

25 thickness of the coating layer to three times or less than that 
of the coating layer, and the good density of the particles was 
10,000 to 500,000 particles/cm 2 (100 to 5,000 particles/ 
mm 2 ). However, the examinations of the present inventors 
showed that the writing durability was always not improved, 

30 even when the density of the particles was set to the range. 
Further, in JP-A No. 10-323931 (1998) is described a 
transparent conductive laminate in which a coating layer 
containing particles having an average particle diameter of 
1.0 to 4 fim at a number-average density of 500 to 3,000 

35 particles/mm 2 and a transparent conductive layer were suc- 
cessively formed on a transparent plastic film to control the 
generation of interference fringes. However, the transparent 
conductive layer surface of the laminate had a ten point 
height (Rz) of 0.3 to 1.0 fan or larger, therefore comprised 

40 bumps of large dispersion of height, and the writing dura- 
bility of the laminate was insufficient, when used as a touch 
panel. 

A main object of the present invention is to provide a 
transparent conductive laminate suitable for giving a touch 
45 panel having excellent writing durability. 

Another object of the present invention is to provide a 
touch panel which has good writing durability and excellent 
visibility. 

50 DISCLOSURE OF THE INVENTION 

The present inventors have paid attentions on the heights 
of bumps on the surface of a transparent conductive layer 
and have researched to solve the above-mentioned problems 

55 and obtain the touch panel which scarcely generates inter- 
ference fringes and has excellent visibility giving clear 
letters and excellent writing durability. 

Consequently, the present inventors ascertained that the 
writing durability did essentially not depend on the density 

60 of fine particles and that the existence of bumps, which are 
higher than a certain height, especially caused a problem, 
when the surface of a transparent conductive layer used as 
the electrode of the touch panel had high bumps and low 
bumps in a mixed state especially of large dispersion of 

65 height. 

On the other hand, since adhesivity between the transpar- 
ent conductive layer and a substrate such as a polymer film 
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was also important for dynamic mechanical durability called 
the writing durability, the present inventors further repeat- 
edly researched the point. It was consequently found that a 
peering was caused between the transparent conductive layer 
and a layer containing fine particles, when the layer con- 
taining fine particles was disposed just under the transparent 
conductive layer in a state directly contacted with the 
transparent conductive layer. The inventors also examined 
the point and in consequence found out that it was important 
to control the height of bumps and the density of bumps in 
the layer containing fine particles and that it was extremely 
effective to dispose a cross-linked polymer layer between 
the layer containing fine particles and the transparent con- 
ductive layer in a state contacted with the transparent 
conductive layer. 

The present invention was completed by repeating the 
researches on the basis of the knowledge. Namely, the 
present invention relates to the transparent conductive lami- 
nate which is obtained by controlling the height of the 
bumps and the density of the bumps in the surface of the 
transparent conductive layer, controlling the height of the 
bumps and the density of the bumps in the surface of the 
layer containing fine particles between the transparent con- 
ductive layer and the substrate, and disposing the cross- 
linked polymer layer in the state contacting with the trans- 
parent conductive layer, and is especially useful for a touch 
panel. 

Namely, the present invention is as follows. 

A transparent conductive laminate comprising a transpar- 
ent polymer substrate and a transparent conductive layer 
disposed on at lo least one of sides of the transparent 
polymer substrate, the transparent conductive layer has a 
outer surface containing micro bumps, wherein: 

the transparent conductive laminate comprises a cross- 
linked polymer layer (A) containing fine particles and a 
cross-linked polymer layer (B) between the transparent 
polymer substrate and the transparent conductive layer, said 
cross-linked polymer layer (A) is between the transparent 
polymer substrate and the cross-linked polymer layer (B); 
the cross-linked polymer layer (B) contacts the transparent 
conductive layer; and the outer surface of said transparent 
conductive layer comprises the bumps having an average 
height of 0.3 to 1 fim and a density in the range of 350 to 
1,800 bumps/mm 2 . 

The transparent conductive laminate wherein the cross- 
linked polymer layer (A) has a surface facing the cross- 
linked polymer layer (B), said surface comprises micro 
bumps having an average height of 0.3 to 1 fim and a density 
of 350 to 1,800 bumps/mm 2 . 

The transparent conductive laminate wherein the cross- 
linked polymer layer (B) is 20 to 110 nm in thickness. 

The transparent conductive laminate wherein the cross- 
linked polymer layer (A) comprises a radiation-cured acrylic 
resin. 

The transparent conductive laminate wherein the fine 
particles have an average diameter of 2 to 4 fim. 

The transparent conductive laminate wherein the cross- 
linked polymer layer (B) does not contain fine particles 
substantially. 

The transparent conductive laminate wherein the cross- 
linked polymer layer (B) is obtained by hydrolyzation and 
condensation polymerization of a metal alkoxide. 

The transparent conductive laminate wherein the trans- 
parent polymer substrate is a film or sheet of a thermoplastic 
polymer. 
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The transparent conductive laminate wherein the trans- 
parent conductive layer comprises mainly a metal oxide. 

A transparent conductive laminate comprises a transpar- 
ent polymer substrate and a transparent conductive layer, 

5 said transparent polymer substrate is a thermoplastic poly- 
mer film or sheet, said transparent conductive layer com- 
prising mainly a metal oxide, wherein the transparent con- 
ductive layer is disposed on one of sides, and the transparent 
conductive layer has a surface containing micro bumps, 

io further wherein: (1) the transparent conductive laminate 
comprises, between the transparent polymer substrate and 
the transparent conductive layer, a radiation-cured resin 
layer (Al) which comprises an acrylic resin containing fine 
particles having an average diameter of 2 to 4 fim, and a 

15 cross-linked polymer layer (Bl) which does not containing 
fine particles substantially and obtained by hydrolyzation 
and condensation polymerization of a metal alkoxide, said 
radiation-cured resin layer (Al) is disposed between said 
transparent polymer substrate and the cross-linked polymer 

20 layer (Bl); (2) the cross-linked polymer layer (Bl) has 20 to 
110 nm in thickness and contacts with the transparent 
conductive layer; and (3) the transparent conductive layer 
has a surface containing micro bumps having an average 
height of 0.3 to 1 fim and a density of 350 to 1,800 

25 bumps/mm 2 . 

The transparent conductive laminate further comprises a 
cross-linked polymer layer (C) disposed between the cross- 
linked polymer layer (A) containing fine particles and the 
cross-linked polymer layer (B), said cross-linked polymer 

30 layer (C) has a higher refractive index than that of the 
cross-linked polymer layer (B). 

The transparent conductive laminate wherein the trans- 
parent conductive layer has a surface having an average 
reflectance of not more than 5.5% in wavelength of 450 to 
3 650 nm and a b* value of transmitted light being -2 to +3, 
wherein the b* value is obtained based on psychometric 
chroma coordinates in the CIE 1976 (L*a*b*) Space accord- 
ing to Japan Industrial Standard No. Z8729. 

40 The transparent conductive laminate wherein the cross- 
linked polymer layer (C) has a refractive index at least 1.7 
and not more than that of +0.3 higher than the refractive 
index of said transparent conductive layer, and has 20 to 90 
nm in thickness; the cross-linked polymer layer (B) has 1.35 

4 _ to 1.5 in refractive index and 30 to 110 nm in thickness; the 
transparent conductive layer has 12 to 30 nm in thickness; 
and the cross-linked polymer layer (C), the cross-linked 
polymer layer (B) and the transparent conductive layer have 
180 to 230 nm in total of optical path length of each layer 

50 (wherein the optical path length is a value obtained by 
multiplying a refractive index of a layer with a thickness of 
the layer). 

The transparent conductive laminate wherein the cross- 
linked polymer layer (C) and the cross-linked polymer layer 

55 (B) are cross-linked polymer layers obtained by mainly 
hydrolyzation and condensation polymerization of metal 
alkoxides, respectively. 

The transparent conductive laminate wherein the cross- 
linked polymer layer (C) has a refractive index in a range of 

60 1.7 and +0.3 higher than the refractive index of the trans- 
parent conductive layer; the cross-linked polymer layer (B) 
has 1.35 to 1.5 in refractive index; the transparent conduc- 
tive layer has 12 to 30 nm in thickness; and the polymer 
layer (B) has a minimum point of surface reflectance within 

65 a wavelength range between 260 and 390 nm. 

The transparent conductive laminate wherein the cross- 
linked polymer layer (C) and the cross-linked polymer layer 
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(B) are cross-linked polymer layers obtained by mainly 
hydrolyzation and condensation polymerization of metal 
alkoxides, respectively. 

A touch panel comprising two transparent electrode 
substrates, each of which has a conductive layer at least one 
side of the substrate and the transparent conductive layers of 
the two substrates face each other, characterized in that at 
least one of the transparent conductive substrates is the 
transparent conductive laminate according to claim 1. 
The touch panel further comprises a transparent polymer 
» film or sheet being laminated to a side opposite to the side 
where the transparent conductive layer of the transparent 
conductive laminate is formed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schema showing the concrete touch panels of 
Examples 1 to 8 and Comparative Examples 1 to 6. 

FIG. 2 is a schema showing the concrete touch panels of 
Example 9 and Comparative Example 7. 

FIG. 3 is a schema showing the concrete touch panel of 
Example 10. 



Explanation of the marks. 


1 


glass substrate 


2 


transparent conductive layer 


3 


dot spacer 


4 


polyethylene terephthaiate film or polycarbonate film 


5 


cross-linked polymer layer 


6 


cross-linked polymer layer containing fine particles 


7 


cross-linked polymer layer 


8 


transparent conductive layer 


9 


cross-linked polymer layer 


10 


polarizer 


11 


polycarbonate sheet 



The transparent conductive laminate of the present inven- 
tion is characterized that it has on at least one of sides of a 
transparent polymer substrate a transparent conductive layer 
whose outer surface is finely rough, and said surface com- 
prises micro bumps having an average height in the range of 
0.3 to 1 fan and a density in the range of 350 to 1,800 
bumps/mm 2 . 

The average height of the bumps was calculated by 
randomly selecting 10 to 20 bumps from the bumps in a 250 
fan square, individually measuring the heights of the 
selected bumps and then determining the average value of 
the measured heights of the bumps. 

When said average height of the bumps exceeds 1 fan, the 
transparent conductive layer is peeled on the peripheries of 
the bumps without relating to the density of the fine 
particles, thereby deteriorating the inputting performance of 
the touch panel (for example, the generation of inputting 
errors, the insufficient accuracy of position detection). When 
the average height of the bumps in the transparent conduc- 
tive layer surface is controlled within the range of 0.3 to 1 
fan, the peeling of the transparent conductive layer on the 
peripheries of the bumps is eliminated to improve the 
writing durability remarkably. When the average height of 
the bumps is below 0.3 fan, a problem of adhesion, between 
the electrode surface of the movable electrode substrate and 
the electrode surface of the fixed electrode substrate, is 
caused to interfere with the normal operation of the touch 
panel, and also a problem of interference fringes generating 
between the movable electrode substrate and the fixed 
electrode substrate is caused to give an indistinct screen. The 
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average height of the bumps is preferably in the range of 
0.35 to 1.00 fan, more preferably in the range of 0.40 to 1.00 
fan. 

Of course, it is not necessary that all of the heights of the 

5 bumps are controlled within the range of 0.3 to 1 fan. Even 
if the bumps having heights of 0.1 to 0.3 fan or of 1.0 to 1.5 
fan are somewhat contained, the effects of the present 
invention are substantially not affected, when the average 
height of the bumps is controlled within the range of 0.3 to 

10 1 fan. However, the maximum height of the bumps is 
preferably not more than 1.5 /an, more preferably not more 
than 1.2 fan, because the excessive existence of the bumps 
having high bump heights is not desirable from the view- 
point of the writing durability. 

15 In addition, in order to prevent the generation of inter- 
ference fringes between the movable electrode substrate and 
the fixed electrode substrate, it is important to control the 
density of the bumps in the surface of the transparent 
conductive layer within the range of 350 to 1,800 bumps/ 

20 mm 2 . When the density of bumps is below 350 bumps/mm 2 , 
effects of preventing the generation of the interference 
fringes are small. On the other hand, the density exceeding 
1,800 bumps/mm 2 are not preferable, because a problem that 
the haze of the transparent conductive laminate is increased 

25 to give dim display letters difficult to read. The density of 
bumps is controlled preferably within the range of 400 to 
1,600 bumps/mm 2 , more preferably within the range of 450 
to 1,550 bumps/mm 2 . 

When the average height and the density of bumps in the 
surface of the transparent conductive layer are 0.3 to 1 fan 
and 350 to 1,800 bumps/ mm 2 , respectively, preferably 0.35 
to 1 fan and 400 to 1,600 bumps/mm 2 , respectively, the 
touch panel has excellent writing durability, does not cause 
the generation of interference fringes between the movable 

35 electrode substrate and the fixed electrode substrate, and 
gives non-dim display letters extremely easy to read. 

The transparent polymer substrate composing the trans- 
parent conductive laminate of the present invention will be 

40 explained. 

The transparent polymer substrate suitably used in the 
present invention is especially not limited, but it is prefer- 
able that the substrate has high transparency, concretely that 
the average value of the light transmittance of the substrate 

45 in the wavelength region of 400 to 700 nm is not less than 
80%, especially not less than 85%. 

When the transparent conductive laminate of the present 
invention is used as a movable electrode substrate, it is 
preferable that the transparent conductive laminate is flex- 

50 ible. A film or sheet comprising a thermoplastic polymer 
having good transparency is suitably used as the transparent 
polymer substrate. Concretely, the film or sheet includes the 
films or sheets of polyethylene terephthaiate, polyethylene 
naphthalate, a polycarbonate, a polyarylate, a 

55 polyethersulfone, a polysulfone, triacetylcellulose, 
diacetylcellulose, and a polyolefin. The film or sheet-like 
polymer substrate is suitably formed by a general melt- 
extruding method, a general solution casting method, or the 
like. If necessary, the substrate may uniaxially or biaxially 

60 be stretched to enhance the mechanical strengths and optical 
functions of the substrates. The substrate may, if necessary, 
be laminated to the same or different kind of substrates 
through adhesives or glues. 
The thickness of the transparent polymer substrate is in 

65 the range of preferably about 10 to 400 fan, more preferably 
20 to 200 fan, from the view points of the operation 
characteristics, thinness and lightness of the touch panel, and 
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so on. The surface opposite to the transparent conductive less, wherein nx, ny and d (nm) are the refractive index of 

layer-disposed surface of the transparent conductive lami- the transparent polymer substrate in the slow axis direction, 

nate of the present invention may be laminated to a plurality the refractive index in the fast axis direction, and the 

of transparent polymer films or sheets through adhesives or thickness of the transparent polymer substrate, respectively, 

glues to obtain an anti-scratching function, an anti-glare 5 Therein, the inplane retardation value of the transparent 

function, an anti-reflection function, and so on, and the polymer substrate is represented by a value measured using 

laminated transparent conductive laminate may then be used a multi-wavelength birefringence measurer (manufactured 

as the movable electrode substrate of the touch panel. The by Nihon Bunko Co., M-150) at a wavelength of 590 nm. 

transparent polymer films or sheets laminated to the surface The film or sheet of a polycarbonate, an amorphous 

opposite to the transparent conductive layer-disposed sur- 10 polyarylate, a polyethersulfone, a polysulfone, 

face of the transparent conductive laminate have thickness triacetylcellulose, diacetylcellulose or an amorphous poly- 

of preferably 20 to 400 /an, more preferably 50 to 200 fim, olefin or the sheet of a thermosetting resin such as an epoxy 

the most preferably 70 to 200 /an, respectively. resm or the sheet of an ultraviolet light-curable resin such as 

When the transparent conductive laminate of the present an acrylic resin among the lo above-mentioned films and 

invention is used as a movable electrode substrate, a fixed 15 sheets is preferable as the transparent polymer substrate 

electrode substrate may be a glass electrode substrate. characterized by excellent optical isotropy. The film or sheet 

When the transparent conductive laminate of the present of the polycarbonate, the amorphous polyarylate, the 
invention is also used as a fixed electrode substrate, the polyethersulfone, the polysulfone, or the amorphous poly- 
flexibility is not essential, but a characteristic scarcely olefin is most preferable from the viewpoint of moldability, 
deformed by outer forces (rigidity) is rather sometimes 20 production cost, thermal stability, and so on. 
needed in a certain use mode of the touch panel. Thereby, the The polycarbonate includes polymers each containing at 
sheet of a thermosetting resin such as an epoxy resin or the least one bisphenol compound selected from the group 
sheet of an ultraviolet light-curable resin such as an acrylic consisting of, for example, bisphenol A, l,l-di(4-phenol) 
resin in addition to the film or sheet of the above-mentioned cyclohexylidene, 3,3,5-trimethyl-l,l-di(4-phenyl) 
thermoplastic resin may be used as the transparent polymer 23 cyclohexylidene, fluorene-9,9-di(4-phenol) and fluorene-9, 
substrate of the transparent conductive laminate. A method 9-di(3-methyl-4-phenol) and the like as a repeating unit 
for forming the transparent polymer substrate includes an monomer, their copolymers, and their mixtures, preferably a 
injection molding method and a casting polymerization polycarbonate having an average molecular weight in the 
molding method in addition to the above-mentioned meth- range of about 15,000 to 100,000 (for example, "Panlite" 
ods. If necessary, the transparent polymer substrate may be 30 (produced by Teijin Kasei Co.), "Apec HT" (produced by 
laminated to the same or different kind of transparent Bayer AG.)). 

polymer film or sheet through adhesives or glues and then And, the amorphous polyarylate includes "Elmec" 

used. The thickness of the substrate obtained thus is pref- (produced by Kanegafuchi Kagaku Kogyo K.K.), 

erably about 10 to 2,000 /an, more preferably about 50 to _ "U-polymer" (produced by Unitika Ltd.), and "Isaryl" 

1,100 /an, the most preferably about 70 to 1,100 fan. 35 (produced by Isonova Corp.). 

In order to manufacture a touch panel suitable for portable Further, the amorphous polyolefin includes "Zeonor" 

information-processing equipment, the surface opposite to (produced by Nippon Zeon Ltd.) and "Arton" (produced by 

the transparent conductive layer-disposed surface of the JSR Corp.). 

transparent conductive laminate of the present invention is 4Q The method for producing the transparent polymer sub- 
rather preferably be laminated to a plurality of transparent strate includes a melt extrusion method, a solution casting 
polymer films or sheets through adhesive or glues to give method and an injection molding method. The transparent 
rigidity to the laminate, and the laminated transparent con- polymer substrate is especially preferably produced by the 
ductive laminate is then preferably be used as the fixed solution casting method from a viewpoint for obtaining 
electrode substrate of the touch panel. Thereby, the light- 4J excellent optical isotropy. 

weight and infrangible touch panel suitable for portable In the uses of the touch panel of the type that the polarized 
information-processing equipment is obtained. The thick- u g ht passes through the exemplified electrode substrate, the 
ness of the transparent polymer films or sheets laminated to va i ue 0 f the in-plane retardation values of the electrode 
the surface opposite to the transparent conductive layer- substrate and the transparent polymer substrate are very 
disposed surface of the transparent conductive laminate is . Q important, and the three-dimensional refractive index char- 
preferably 50 to 2,000 /an, more preferably 70 to 2,000 fan acteristics of the electrode substrate and the transparent 
and the most preferably 70 to 1,100 /an. polymer substrate are additionally important. Namely, when 
And, a new type touch panel having a structure in which nz is the refractive index of the electrode substrate and the 
a polarizer (or a polarizer and a retardation film) was transparent polymer substrate in the film thickness lo 
laminated to the inputting side (user side) surface of the 55 direction, K value expressed by the equation: K={(nx+ny)/ 
touch panel was recently developed. The advantage of the 2-nz}xd is preferably -250 to +150 nm, more preferably 
structure is to reduce the reflectance of extraneous light in -200 to +100 nm, for obtaining the excellent viewing angle 
the touch panel to not more than a half and to improve the characteristic of the touch panel. 

contrast of the display in a state set to the touch panel. The transparent conductive laminate of the present inven- 
Here, when the type of the touch panel is attached to a 60 tion has the fine particle-containing cross-linked polymer 
liquid crystal display (LCD), a transparent polymer substrate layer (A) on the transparent conductive layer-disposed side 
characterized by excellent optical isotropy is preferably used of the above-mentioned transparent polymer substrate, 
as the transparent polymer substrate of the transparent Here, the fine particles include silica particles, cross- 
conductive laminate, because polarized light passes through linked acrylic resin particles, and cross-linked polystyrene 
the electrode substrate. Concretely, an inplane retardation 65 particles. The average diameter of said fine particles is 
value Re expressed by the equation: Re=(nx-ny)xd (nm) is preferably 2 to 4 fan. When the average diameter of the fine 
preferably at least 30 nm or less, more preferably 20 nm or particles exceeds 4 fan, the thickness of the cross-linked 




O— (R 7 X)— CH 2 CH(OH)CH; 
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polymer layer needs to be enlarged and then dispersion of and thioxanthone compounds such as thioxanthone and 

the thickness is increased. Due to large dispersion of the 2,4-dichlorothioxanthone. 
diameter of the fine particles and due to large dispersion of 
the thickness of the cross-linked polymer layer, it is conse- 

quently difficult to control coating conditions so that an 5 ^ h thermosetting resin includes the thermally 

average height of the bumps is included in the range of 0.3 ,- , , , , . 

to 1 fim. Tne preferable average diameter of the fine particles cross-linked product of a phenoxy resin, phenoxy ether resin 

is 2.0 to 3.8 fan. or phenoxy ester resin of the below-mentioned formula (1) 

The fine particle-containing cross-linked polymer layer a multi-functional isocyanate compound, 

(A) of the present invention is usually the layer of a 10 

cross-linked polymer obtained by curing the particle-added ^ 
layer of a monomer raw material and/or an oligomer raw 
material by a polymerization reaction using heat or radiation 
such as ultraviolet light or electron beams. The cross-linked 

polymer includes organosilane polymers using silicon ^ 
alkoxides such as methyltriethoxysilane and phenyltriethox- 
ysilane as monomer raw materials and/or oligomer raw 
materials, melamine thermosetting resins using etherified 
methylol melamines or the like as monomer raw materials 

and/or oligomer raw materials, thermosetting resins such as 2 n , . i „« , , , 

phenoxy resins and epoxy resins, and radiation-curable whereln ' R t0 R each means the same or dlffcrent h y dro " 

resins using multi-functional acrylates such as gen or a Q to C 3 alkyl group; R means a C 2 to C 5 alkylene 

polyolacrylates, polyesteracrylates, urethane acrylates and group; X means an ether group or an ester group; m means 

epoxy acrylates as monomer raw materials and/or oligomer an integer of 0 to 3; n means an integer of 20 to 300. Among 

raw materials. Among the cross-linked polymers, the 2 5 the resins, a resin of the formula (1), wherein R 1 , R 2 each is 

radiation-curable polymers using the multi-functional aery- a methyl group; R 3 to R 6 each is a hydrogen; and R 7 is a 

late resins and so on are most preferably used, because the pentylene group, is preferable from the aspects of synthesis 

cross-linked polymer layer having high cross-link degrees is easmess and productivity, 
obtained in relatively short times by the irradiation of 

radiation and because the cross-linked polymer layer is 30 

characterized by low loads on production processes and by And ' the multi-functional isocyanate is a compound hav- 

having a strong film strength. The diameters of said fine m 8 ^o or more isocyanate groups in the molecule, mclud- 

particles, the mixing ratio of said particles with said cross- ing the following compounds. Polyisocyanates such as 2,6- 

linked polymer, the film thickness of said cross-linked tolylenediisocyanate,. 2,4-tolylenediisocyaante, 

polymer layer and so on, are adjusted to control the average 35 tolylenediisocyanate-trimethylolpropane adduct, 

height of the bumps within the range of 0.3 to 1 ftm. t-cyclohexane-l,4-diisocyanate, m-phenylenediisocyanate, 

The radiation-curable resin indicates a resin which is p-phenylenediisocyanate, hexamethylenediisocyanate, 1,3, 

polymerized by the irradiation of radiation such as ultravio- 6-hexamethylenetriisocyanate, isophoronediisocyanate, 1,5- 

let light or electron beams, and includes acrylic resins in nap hthalenediisocyanate, tolidinediisocyanate, 

whose each composition a multi-functional acrylate com- 4 o xy i y i enediisocyanate , hydrogenated xylylenediisocyanate, 

ponent having two or more acryloyl groups in the unit .. . , , . , . . 

structure is contained. For example, various acrylate mono- di P hen y lmethane-4,4'-dnsocyanate, hydrogenated 

mers such as trimethylolpropane triacrylate, trimethylolpro- dipbenylmethane-4,4'-diisocyanate, lysinedusocyanate, 

pane ethylene oxide-modified triacrylate, trimethylolpro- ! y sme ester trusocyanate, triphenylmethanetmsocyanate, 

pane propylene oxide-modified triacrylate, isocyanuric acid 45 tris(isocyanatophenyl)thiophosphate, 

ethylene oxide-modified triacrylate, pentaerythritol m-tetramethylxylylenediisocy anate, 

tetraacrylate, dipentaerythritol pentaacrylate, dipentaeryth- p-tetramethylxylylenediisocyanate, 1,6,11- 

ritol hexaacrylate, and dimethyloltricyclodecane diacrylate, undecanetriisocyanate, l,8-diisocyanato-4- 

multi-functional acrylate oligomers such as polyester- isocyanatomethyloctane, bicycloheptanetriisocyanate, 2,2, 

modified acrylates, urethane-modified acrylates, and epoxy- 50 4-trimethylhexamethylenediisocyanate and 2,4,4- 

modified acrylates, and so on, are preferable for the touch trimethylhexamethylenediisocyanate, and their mixtures or 

panel uses. The monomer raw materials and/or the oligomer polyhydric alcohol adducts. Among the compounds, 2,6- 

raw materials may be used singly or after mixed with each tolylenediisocyanate, 2,4-tolylenediisocyanate, 

other, and, if necessary, the hydrolytic condensation product tolylenediisocyanate-trimethylolpropane adduct and hexam- 

of a silicon alkoxide is preferably added to the composition 55 ethylenediisocyanate are especially preferable from the 

of the monomer raw materials and/or the oligomer raw viewpoints of generality and reactivity, 
materials in a proper amount. 

Therein, when the resin layer is polymerized by the Furth a , erti amine guch ag trieth lenedi . 

irradiation of ultraviolet light, a proper amount of a known ■ • , . 

, . . . . .. 6 '. j/, „ . , amine or an organic tin compound such as di-n- 

photopolymenzation initiator is added. The photopolymer- 60 , , ■ 

ization initiator includes acetophenone compounds such as butyltindilaurate can be added in a proper amount as a 

diethoxyacetophenone, 2-methyl-l-{4-(methylthio) react ! on accelerator t0 ™P rove the rate of the cross-linking 

phenyl} -2-morpholinopropane, 2-hydroxy-2-methyl-l- reaction, 
phenylpropan-l-one, and 

1-hydroxycyclohexylphenylketone; benzoin compounds 65 And, for example, the thermally cross-linked product of a 

such as benzoin and benyldimethylketal; benzophenone novolak type epoxy resin expressed by the below-mentioned 

compounds such as benzophenone and benzoylbenzoate; formula (2) is preferable as the epoxy thermosetting resin. 
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containing cross-linked polymer layer (A) and the transpar- 
(2) ent polymer substrate. The anchor layer preferably includes 
the following layers. (1) A layer having a function for 
improving the adhesivity of said polymer layer to the 
5 substrate, (2) various phase difference compensation layers 
such as a layer whose three-dimensional refractive index 
characteristic gives negative K value, (3) a layer having a 
viscoelastic characteristic for relaxing stresses (vertical 
stress, horizontal stress) added to a substrate, such as the 
10 layer that the storage elastic modulus is about 1 kg/mm 2 or 
less at a temperature near to room temperature, (4) a layer 
having a function for preventing the permeation of moisture 
and air or a function for absorbing moisture and air, (5) a 
layer having a function for absorbing ultraviolet light and 
15 infrared light, and (6) a layer having a function for lowering 
. . „ a . .. , . , , .the electrification property of the substrate. 

\ !? tCS 2 ? J 5 ? u° r a , m u thyl groUp: 5 Th e method for forming the fine particle-containing cross- 

£h f t y t° gen °f 'i 8 l^ t? V 1 8r °T ; q polymer layer (A) of the present invention comprises 

mdicates an integer of 1 to 50, but since the value of q ... ' ,. \ ' . .. v . .. . r 

generaUy has a distribution and is difficult to specify, q is addm S * e fi , ne P" tlcl f h t0 J c above-mentioned monomer 

preferably a large value as an average number, more pref- 20 raw m f e " al and/or the above-described oligomer raw 

erably not less than 3 or more, furthermore preferably 5 or matenal > lf necessarv , farther addin g a photopolymenzation 

more, initiator, a curmg agent, a catalyst, and so on, dissolving the 

A known curing agent is applied as a curing agent for mixture in one of a proper organic solvent or more, adjusting 

cross-linking the epoxy resin. For example, a curing agent tne concentration and viscosity of the solution to prepare a 

such as an amine-based curing agent, a polyaminoamide- 25 coating liquid, coating the coating liquid on the transparent 

based curing agent, an acid and an acid anhydride, polymer substrate, and then curing the coating layer by the 

imidazole, a mercaptan, or a phenolic resin is used. Among irradiation of radiation, a thermal treatment or the like. The 

the curing agents, preferably an acid anhydride or an alicy- coating method includes various coating methods such as a 

clic amine compound, more preferably an acid anhydride, is microgravure coating method, a Mayer bar coating method, 

used. The acid anhydride includes alicyclic acid anhydrides 30 a direct gravure coating method, a reverse roll coating 

such as methylhexahydrophthalic acid anhydride and meth- method, a curtain coating method, a die coating method, a 

yltetrahydrophthalic anhydride, aromatic acid anhydrides knife coating method and a spin coating method, 

such as phthalic acid anhydride, and aliphatic acid anhy- When the cross-linked polymer layer (B) is disposed on or 

drides such as dodecylphthalic acid anhydride, especially above the particle-containing cross-linked polymer layer (A) 

preferably methylhexahydrophthalic acid anhydride. 35 and is between the particle-containing cross-linked polymer 

Further, the alicyclic amine includes bis(4-amino-3- layer (A) and the transparent conductive layer according to 

methyldicyclohexyl)methane, diaminocyclohexylmethane the present invention, the optical characteristics and 

and isophoronediamine, especially preferably bis(4-amino- mechanical characteristics of the transparent conductive 

3-methyldicyclohexyl)methane. laminate are improved. Therein, the cross-linked polymer 

Here, when an acid anhydride is used as a curing agent, 40 layer (B) is preferably prepared by hydrolyzing and con- 

a reaction accelerator for accelerating the curing reaction of densation polymerizing a metal alkoxide. Titanium 

an epoxy resin with the acid anhydride may be added. The alkoxides, zirconium alkoxides and silicon alkoxides are 

reaction accelerator includes known secondary and tertiary preferable among the metal alkoxides from viewpoints such 

amines such as benzylmethyamine, 2,4,6-tris as excellent mechanical strengths, excellent stability, excel- 

(dimethylaminomethyl)phenol, pyridine, and 1,8- 45 lent adhesivity to the transparent conductive layer, the 

diazabicyclo(5,4,0)undecene-l, and imidazole compounds. substrate, and so on. The embodiments of the metal alkox- 

And, the polymer of the silicon alkoxide is preferably ides and the method for forming the cross-linked polymer 

obtained from a mixture of two or more di- to tetra- layer (B) will be mentioned later. And two or more kinds of 

functional, more preferably tri- to tetra-functional, silicon the monomer raw materials and/or the oligomer raw mate- 

alkoxides or from an oligomer obtained by preliminarily 50 rials may be mixed with each other and then used, 

suitably hydrolyzing and dehydrating-condensing the mix- The cross-linked polymer layer (B) may contain an addi- 

ture in a solution. tive such as fine particles, but it is preferable that the 

The silicon alkoxide includes tetramethoxysilane, cross-linked polymer layer (B) does substantially not con- 

tetraethoxysilane, methyltrimethoxysilane, tain the additive, because it is difficult to control the heights 

methyltriethoxysilane, dimethyldimethoxysilane, 55 of the bumps and the density of the bumps in the surface of 

Y-glycidoxypropyltrimethoxysilane, 0(3,4- the transparent conductive layer and because the strength of 

epoxycyclohexyl)ethyltrimethoxysilane, the cross-linked polymer layer (B) is weakened, when the 

vinyltrimethoxysilane, N-|3-(aminoethyl)-Y- cross-linked polymer layer (B) contains the additive, 

aminopropyltrimethoxysilane, N-(3-(aminoethyl)-Y- When only the cross-linked polymer layer (B) is disposed 

aminopropylmethyldimethoxysilane, and 60 between the particle-containing cross-linked polymer layer 

Y-aminopropyltriethoxysilane. (A) and the transparent conductive layer, the thickness of the 

The silicon alkoxides are thermally polymerized, and, if cross-linked polymer layer (B) is preferably not less than 20 

necessary, the cross-linkage degree of the obtained polymer nm, more preferably not less than 25 nm, furthermore 

can be enhanced by irradiating the coating film of the preferably not less than 30 nm. When the thickness of the 

polymer with active light such as ultraviolet light. 65 layer (B) is less than 20 nm, the effect for improving the 

A proper anchor layer is disposed on or above the trans- optical characteristics and mechanical characteristics of the 

parent polymer substrate and is between the particle- transparent conductive laminate is small. The upper limit of 
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the thickness of the layer (B) is preferably not more than 110 
nm, more preferably not more than 100 nm. When the 
thickness of the layer (B) exceeds 110 nm, the optical 
characteristics and mechanical characteristics of the trans- 
parent conductive laminate are sometimes contrarily dete- 
riorated. 

A cross-linked polymer layer (C) having a larger refrac- 
tive index than that of the cross-linked polymer layer (B) can 
be disposed between the particle-containing cross-linked 
polymer layer (A) and the cross-linked polymer layer (B) to 
lower the reflectance of the transparent conductive laminate 
in the visible light region to improve the transmittance. In 
the case, the total of optical path length of the three layers 
of the cross-linked polymer layer (C), the cross-linked 
polymer layer (B), and the transparent conductive layer is 
preferably adjusted to give an average reflectance of not 
more than 5.5% in wavelengths of 450 to 650 nm on the 
surface of the transparent conductive layer and give the b* 
value of transmitted light in the range of -2 to +3 as the b* 
value based on psychometric chroma coordinates in the CIE 
1976 (L*a*b*) Space according to Japan Industrial Standard 
No. Z8729. When the average reflectance and the b* value 
are adjusted to 5.5% or less and the range of -2 to +3, 
respectively, the visibility of a display is substantially not 
deteriorated, even when the touch panel is attached to the 
display. 

Conditions for realizing the above-mentioned average 
reflectance and the above-mentioned b* value are as follows. 

Namely, (1) the cross-linked polymer layer (C) has a 
refractive index in a range of from 1.7 to +0.3 higher than 
the refractive index of the transparent conductive layer, and 
is in a range of from 20 to 90 nm in thickness; the 
cross-linked polymer layer (B) has a refractive index in a 
range of from 1.35 to 1.5 and is in a range of from 30 to 110 
nm in thickness; the transparent conductive layer has a 
thickness of 12 to 30 nm; and the cross-linked polymer layer 
(C), the cross-linked polymer layer (B) and the transparent 
conductive layer have a value of 180 to 230 nm in total of 
optical path length of the above three layers (wherein the 
optical path length is a value obtained by multiplying a 
refractive index of a layer with a thickness of the layer). 

Or, (2) the cross-linked polymer layer (C) has a refractive 
index in a range of from 1 .7 to +0.3 higher than the refractive 
index of the transparent conductive layer; the cross-linked 
polymer layer (B) has a refractive index in a range of from 
1.35 to 1.5; the transparent conductive layer has 12 to 30 nm 
in thickness; and the polymer layer (B) has a minimum point 
of surface reflectance within a wavelength range between 
260 and 390 nm. 

The cross-linked polymer layer (C) and the cross-linked 
polymer layer (B) preferably comprise cross-linked polymer 
layers obtained by mainly hydrolyzing and condensation 
polymerizing metal oxides, respectively. Among the cross- 
linked polymer layers obtained by hydrolyzation and con- 
densation polymerization of the metal oxides, polymer lay- 
ers obtained by hydrolyzing and condensation polymerizing 
titanium alkoxides, zirconium alkoxides and silicon alkox- 
ides are preferable from viewpoints that the mechanical 
strengths, stability, and so on, of the polymer layers and the 
adhesivity of the polymer layers to the transparent conduc- 
tive layers, the cross-linked polymer layers, and the like, are 
excellent. 

The titanium alkoxides includes titanium tetraisoproxide, 
tetra-n-propyl ortho titanate, titanium tetra-n-butoxide, and 
tetrakis(2-ethylhexyloxy) titanate. The zirconium alkoxide 
includes zirconium tetraisopropoxide, and zirconium tetra- 
n-butoxide. 
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The silicon alkoxide includes tetramethoxysilane, 
tetraethoxysilane, methyltrimethoxysilane, 
methyltriethoxysilane, dimethyldimethoxysilane, 
y-glycidoxypropyltrimethoxysillane, (3 - (3 , 4 - 

5 epoxycyclohexyl)ethyltrimethoxysilane, 
vinyltrimethoxysilane, N- p -(ami no ethyl) -y- 
aminopropyltrimethoxysilane, N-P-(aminoetnyl)-y- 
aminopropylmethyldimethoxysilane, and 
Y-aminopropyltriethoxysilane. If necessary, two or more 

10 kinds of the silicon alkoxides are preferably mixed and used 
in many cases from the viewpoints of the mechanical 
strengths, adhesivity, solvent resistance, and so on, of the 
layers, and it is especially preferable that the silicon alkox- 
ides having amino groups in the molecules are contained in 

15 an amount of 0.5 to 60 percent by weight in the whole 
composition of the silicon alkoxides. 

The metal alkoxides may be used as the monomers as 
such or as oligomers after preliminarily suitably subjected to 
hydrolysis reactions and dehydrating condensation polymer- 

20 ization reactions. Usually, the metal alkoxides are dissolved 
and diluted with one or more proper organic solvents, and 
the obtained coating liquid is then coated on a substrate. The 
coating film formed on the substrate is hydrolyzed with 
moisture in air or the like and then dehydrated and conden- 

25 sation polymerized. A proper heating treatment is generally 
necessary for the acceleration of the condensation polymer- 
ization reaction, and in the process of a coating method, it is 
preferable that a heating treatment at a temperature of not 
less than 100° C. for several minutes or more is applied. 

30 And, if necessary, the above-mentioned thermal treatment 
and the irradiation of active light such as ultraviolet light on 
the coating film may simultaneously be carried out to 
enhance the cross-linking degree of the coating film. 
As the diluting solvent, an alcoholic solvent or a 

35 hydrocarbon-based solvent, such as ethanol, 2-propanol, 
butanol, 2-methyl-l-propanol, l-methoxy-2-propanol, 
hexane, cyclohexane, or ligroin is suitable, and a polar 
solvent such as xylene, toluene, cyclohexanone, methyl- 
isobutylketone or isobutyl acetate may also be used. The 

40 solvents may be used singly or as a mixed solvent compris- 
ing two or more kinds of the solvents. 

The transparent conductive layer of the present invention 
is disposed on the above-mentioned cross-linked polymer 
layer (B). The transparent conductive layer comprises 

45 mainly a metal oxide. From needs for the reduction in the 
electric power consumption of the touch panel and on the 
processing of circuits, and so on, it is preferable to use a 
transparent conductive layer exhibiting a surface resistance 
value in the range of preferably 100 to 2,000 Q/B, more 

50 preferably 150 to 2,000Q/H, at a film thickness of 12 to 30 
nm. When the thickness of the transparent conductive layer 
is below 12 nm, the thickness is not preferable, because the 
stability of the resistance value with the passage of time 
tends to be inferior, while the thickness exceeding 30 nm is 

55 also not preferable, because the transmittance of the trans- 
parent conductive laminate is lowered. 

Said metal oxide includes tin oxide containing antimony 
or the like, indium tin oxide (ITO), and indium zinc oxide. 
And, the transparent conductive layer may further contain 

60 one or more kinds of metal oxides such as silicon dioxide, 
titanium dioxide, aluminum trioxide, zirconium dioxide and 
zinc oxide. 

The transparent conductive layer can be formed by a 
known physical vapor deposition (PVD) such as a sputtering 
65 method, an ion plating method, or a vacuum evaporation 
method, or a CVD method. In particular, the sputtering 
method is preferable from the aspects of the uniformity of 
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the thickness and composition of the transparent conductive 
layer in the transverse direction (TD) and the machine 
direction (MD). 

In order to prevent the scratching or solvent damage of a 
transparent polymer substrate in a process for manufacturing 
a touch panel or in a using mode of the touch panel attached 
to a display, it is preferable to dispose a cross-linked 
polymer layer having a hard coat property and/or a solvent- 
resistant property on the opposite side of the transparent 
polymer substrate to the transparent conductive layer- 
disposed side. Fine particles may be added to the cross- 
linked polymer layer to impart a slipping property, an 
interference fringe-preventing property and an anti-glare 
property. The cross-linked polymer includes the radiation- 
curable resins such as the acrylic resins, the thermosetting 
resins such as the phenoxy resins and the epoxy resins, and 
the silicon alkoxide polymers, as mentioned above. Among 
the cross-linked polymers, the radiation-curable resins such 
as the acrylic resins are most preferably used, because the 
cross-linked polymer layer having high cross-link degrees is 
obtained in relatively short times by the irradiation of 
radiation and because the cross-linked polymer layer is 
characterized by low loads on production processes and by 
having a strong film strength. 

A proper anchor layer is disposed on the transparent 
polymer substrate, and is between the cross-linked polymer 
layer and the transparent polymer substrate. The anchor 
layer includes the same anchor layers as those used for the 
above-mentioned particles-containing cross-linked polymer 
layer (A). 

A method for forming the cross-linked polymer layer also 
includes the same methods as those for forming the above- 
mentioned particles-containing cross-linked polymer layer 
(A). 

EXAMPLES 

The present invention will be explained hereafter in more 
detail with examples, but methods for evaluating average 
height of bumps, density of bumps, ten point height (Rz), 
and writing durability of the outer surface of the transparent 
conductive layer are as follows. 

Average bump height, bump density 

The average height of bumps was obtained by randomly 
selecting ten to twenty bumps in a 250 fim. square by the use 
of a real time scanning type laser microscope (manufactured 
by Laser Tech Corp., 1LDM21D), individually measuring 
the heights of the bumps and then calculating the average 
height of the bumps. The density of the bumps (the number 
of bumps per unit area) was also calculated. 
Ten Point Height 

Ten point height (Rz) was measured using a stylus type 
difference thickness meter (manufactured by Sloan Corp, 
Dektak 3). 

The measurement was carried under measuring condi- 
tions comprising a measuring length of 2 mm, a measuring 
speed of 4.8 mm/minute, 1,000 data, and a 20 /nm high pass 
filter. 

Writing Durability 

The transparent conductive laminate of the present inven- 
tion and a glass electrode substrate were used as a movable 
electrode substrate and a fixed electrode substrate, 
respectively, to manufacture a touch panel. But, the trans- 
parent conductive laminate of the present invention was 
used as a fixed electrode substrate in Example 10. Then, 
katakana (square Japanese characters) were written in the 
order of the katakana syllabary in a 20 mm square area on 
the outer central surface of the movable electrode substrate 
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of the touch panel by the use of a poly acetal resin pen having 
a 0.8R tip. The writing pressure load of the pen was 250 g. 
linearity was measured for each 50,000 letter-written time. 
The number of the written letters until the linearity exceeds 
5 1.5% was defined to be writing durability. 

A method for measuring the linearity was as follows. 

A direct current voltage of 5V was applied between 
parallel electrodes on the movable electrode substrate or on 
the fixed electrode substrate. Electric voltages were mea- 
10 sured at a distance of 5 mm in the direction vertical to the 
parallel electrodes. 

ET=(EB-EA)-X/(B-A)+EA 
L(%)=(|ET-EX|)/(EB-EA)-100 

15 

Wherein EAis the voltage at a measurement-started position 
A; EB is the voltage of a measurement-finished position; EX 
is an observed voltage value at a distance of X from the 
position A; ET is a theoretical value; L is linearity. 

20 

Examples 1 Through 3, Comparative Examples 1 
Through 3 

FIG. 1 is a touch panel showing an example of the present 
invention. In FIG. 1, 1 is a glass substrate; 2 and 8 are 

25 transparent conductive layers; 3 is a dot spacer; 4 is a 
polyethylene terephthalate (PET) film; 5 is a cross-linked 
polymer layer; 6 is a particle-containing cross-linked poly- 
mer layer; and 7 is a cross-linked polymer layer. A fixed 
electrode substrate A comprises the glass substrate 1, the 

30 transparent conductive layer 2, and the dot spacer 3. A 
movable electrode substrate comprises the PET film 4, the 
cross-linked polymer layer 5, the particle-containing cross- 
linked polymer layer 6, the cross-linked polymer layer 7 and 
the transparent conductive layer 8. 

The touch panel was manufactured as follows. Si0 2 
layers were disposed on both the surfaces of the 1.1 
mm-thick glass substrate 1 by a dip coating method, and a 
18 nm-thick ITO layer was then disposed as the transparent 

40 conductive layer 2 by a sputtering method. The dot spacer 3 
having a height of 7 fim, a diameter of 70 fim and a pitch of 
1.5 mm was disposed on the ITO layer to manufacture the 
fixed electrode substrate. 

On the other hand, a 188 /im-thick PET film (produced by 

45 Teijin Ltd., OFW) was prepared as a transparent polymer 
substrate. 

Then, for the formation of the cross-linked polymer layer 
5, a coating liquid L comprising 50 parts by weight of a 
polyester acrylate (produced by Toa Kagaku Kabushiki 

so Kaisha, Alonix M8060), 50 parts by weight of dipentaeryth- 
ritol hexaacrylate (produced by Nippon Kayaku Kabushiki 
Kaisha, DPHA), 7 parts by weight of a photocuring initiator 
(produced by Ciba-Geigy, Irgacure 184), and 200 parts by 
weight of l-methoxy-2-propanol as a diluent. The coating 

55 liquid L was coated on one surface of the PET film, and then 
dried for 1 minute at 60° C. The produced coating film was 
irradiated and cured with light by the use of a high pressure 
mercury lamp having a strength of 160 w/cm in a condition 
comprising an integrated light quantity of 450 mJ/cm 2 to 

60 dispose the cross-linked polymer layer 5 (thickness: about 3 
^m). 

Subsequently, the above-mentioned coating liquid L for 
the cross-linked polymer layer 5 was mixed with a pre- 
scribed amount of either of silicon cross-linked particles 
65 (produced by GE Toshiba Silicone Co., Tospearl 130) hav- 
ing an average diameter of about 3 fan, acryl cross-linked 
particles (Negami Kogyo Kabushiki Kaisha, Artpearl F5P) 
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having an average diameter of about 3.4 fun, and silicone 
cross-linked particles (GE Toshiba Silicone Co., Tospearl 
145) having an average diameter of about 4.5 (tta to obtain 
various coating liquids L' for the cross-linked polymer layers 

6. Either of the coating liquids L' was coated on the 
non-coated surface (the surface on which the above- 
mentioned cross-linked polymer layer 5 was not disposed) 
of the PET film so as to give a thickness of about 2 to 3 fim 
after cured. The coated coating liquid L' was dried at 60° C. 
for 1 minute and then irradiated with light by the use of a 
high pressure mercury lamp lo having a strength of 160 
w/cm in a condition comprising an integrated light quantity 
of 450 mJ/cm 2 to form the particle-containing cross-linked 
polymer layer 6. 

Thus, in Examples, various particle-containing cross- 
linked polymer layers having different average heights of the 
bumps and different densities of the bumps were formed by 
changing the particle diameters of the fine particles added 
thereto, the amounts of the fine particles and the thicknesses 
of the particle-containing cross-linked polymer layers. 

Subsequently, a coating liquid M for the cross-linked 
polymer layer 7 was prepared by the following procedure. 
Namely, 720 parts by weight of water, 1,080 parts by weight 
of 2-propanol and 46 parts by weight of acetic acid were 
mixed with each other, further successively mixed with 480 
parts by weight of Y-glycidoxypropyltrimethoxysilane 
(produced by Shinetsu Chem. Ind. Co., KBM 403), 240 parts 
by weight of methyltrimethoxysilane (produced by Shinetsu 
Chem. Ind. Co., KBM 13) and 120 parts by weight of 
N-p(aminoethyl)-Y-aminopropyltrimethoxysilane (produced 
by Shinetsu Chem. Ind. Co., KBM 603), and then stirred for 
three hours to hydrolyze and partially condense the alkox- 
ysilane mixture liquid. The product was diluted with the 1:1 
weight ratio mixture of 2-propanol with l-methoxy-2- 
propanol to prepare the coating liquid M for the cross-linked 
polymer layer 7. The coating liquid M was coated on the 
above-mentioned particle-containing cross-linked polymer 
layer 6 and then thermally treated at 130° C. for five minutes 
to form the cross-linked polymer layer 7 having a thickness 
of about 35 nm. 

Subsequently, the transparent conductive layer 8 was 
disposed to the above-mentioned polymer layer 7. As the 
transparent conductive layer 8, an indium tin oxide (ITO) 
layer was formed in a thickness of about 20 nm by a DC 
magnetron sputtering method. An ITO target comprising 
indium oxide and tin oxide in a 95:5 weight ratio and having 
a packing density of 98% was used as the target. The 
above-mentioned film was set to the inside of a sputtering 
machine, and the sputtering machine was evacuated to a 
pressure of 1.3 mPa and then charged with a 98.5:1.5 volume 
ratio mixture gas of Ar with 0 2 to give an inner atmospheric 
pressure of 0.27 Pa. The set film was subjected to a sput- 
tering treatment under conditions comprising a substrate 
temperature of 50° C. and a making power density of 1 W/ 
m 2 to deposit the ITO layer as the transparent conductive 
layer 8 on the above-mentioned cross-linked polymer layer 

7. The surface resistance of the transparent conductive layer 
was about 300 QM. 

The transparent conductive laminate obtained thus was 
used as a movable electrode substrate. 

And, as Comparative Example 3, a movable electrode 
substrate was manufactured by directly depositing the ITO 
layer on the particle-containing cross-linked polymer layer 6 
without disposing the cross-linked polymer layer 7. 

The movable electrode substrate and the fixed electrode 
substrate were used to manufacture the touch panel showed 
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in FIG. 1. Therein, FIG. 1 is a conception diagram showing 
a part of the structure, and a peripheral insulating layer, an 
adhesive layer and a leading circuit to outsides were omitted. 

The average heights of bumps, the densities of bumps, ten 
point height (Rz) and writing durability test results of the 
transparent conductive layer (ITO layer) surfaces of the 
movable electrode substrates are shown in Table 1. 

TABLE 1 
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particles 


States of ITO layer surface 


Evaluation 
*8 


*1 


'2 


*3 


*4 


*5 


*6 


*7 
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Example 1 


3.0 


0.7 


0.49 


0.65 


0.34 


820 


0.22 


>15 


Example 2 


3.0 


1.4 


0.60 


0.82 


0.47 


1170 


0.19 


>15 
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1.4 


1.00 


1.11 


0.90 


900 


0.24 
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Comparative 
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1.0 


1.06 


1.33 


0.78 


700 


0.33 
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0.4 


1.15 


1.59 


0.90 


300 


0.28 


<5 
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3.4 


1.4 


1.00 


1.11 


0.90 


900 


0.24 


<5 




Example 3 



















*1 average diameter (jim). 

*2 addition amount (parts by weight in solid content). 

*3 average height of bumps (jim). 

*4 maximum height of bumps (fan). 

*5 minimum height of bumps (fim). 

"6 density of bumps (bumps/mm 2 ). 

*7 Rz Qim). 

*8 writing durability (10,000 times) 
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Examples 4 Through 8, Comparative Examples 4 
Through 6 

Various transparent conductive laminates were manufac- 
tured similarly as in Examples 1 through 3. The transparent 
conductive laminates were used as movable electrode sub- 
strates to manufacture the touch panels of FIG. 1. The outer 
surfaces of the movable electrode substrates were pushed 
with a finger to bring the movable electrode substrates into 
contact with the fixed electrode substrates, and the states of 
interference fringes generated with a three band phosphor 
type fluorescent lamp were observed from the sides of the 
fixed electrode substrates. The evaluation results are shown 
in Table 2. And, the touch panels were attached to LCDs, and 
easiness degrees in seeing letters were observed. The evalu- 
ation results are shown in Table 3. 

TABLE 2 



50 



Fine 
particles 



States of ITO layer surface Evaluation 



*4 



*5 



*6 



*7 



*9 



Example 4 
Example 5 
Example 6 
Example 7 
Comparative 
Example 4 
Comparative 
Example 5 



3.0 
3.0 
3.0 
3.0 
3.0 



1.7 
1.4 

1.0 
0.7 
0.15 



0.73 
0.60 
0.64 
0.55 
0.66 



0.84 
0.82 
0.72 
0.82 
1.06 



0.60 
0.47 
0.52 
0.39 
0.36 



1550 
1170 
1080 
850 
210 



0.23 
0.19 
0.27 
0.22 
0.11 



3.0 1.4 0.28 0.36 0.19 1340 0.09 



nothing 
nothing 
nothing 
nothing 
slightly 
existent 
existent 



*1 average diameter (jim). 

*2 addition amount (parts by weight in solid content). 

*3 average height of bumps (um). 

*4 maximum height of bumps (//m). 

*5 minimum height of bumps (um). 

*6 density of bumps (bumps/mm 2 ). 

*7 Rz («m). 

*9 influence fringe 
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TABLE 3 




Fine 
particles 


States of ITO laver surface 


Evaluation 




*1 *2 


*3 *4 *S *6 *7 


no 


Example 8 
Comparative 
Example 6 


3.0 1.4 
3.0 2.3 


0.60 0.82 0.47 117 0.19 
0.77 0.88 0.67 2070 0.24 


good 
dim 



*1 average particle diameter (fim). 

*2 addition amount (parts by weight in solid content). 

*3 average height of bumps (jm\). 

*4 maximum height of bumps Oum). 

*5 minimum height of bumps (fan). 

*6 density of bumps (bumps/mm 2 ). 

*7 Rz (/an). 

*10 easiness degree in seeing letters 

Example 9, Comparative Example 7 

FIG. 2 is a touch panel showing an example of the present 
invention. In FIG. 2, 1 is a glass substrate; 2 and 8 are 
transparent conductive layers; 3 is a dot spacer; 4 is a 
polycarbonate (PC) film; 5 is a cross-linked polymer layer; 
6 is a particle-containing cross-linked lo polymer layer; 7, 9 
are cross-linked polymer layers; and 10 is a polarizer. A 
fixed electrode substrate comprises the glass substrate 1, the 
transparent conductive layer 2, and the dot spacer 3. A 
movable electrode substrate comprises the polarizer 10, the 
PC film 4, the cross-linked polymer layer 5, the particle- 
containing cross-linked polymer layer 6, the cross-linked 
polymer layers 7, 9 and the transparent conductive layer 8. 
In order to manufacture the touch panel, the fixed electrode 
substrate was manufactured by the same method as in 
Examples 1 through 3. 

In Example 9, a 100/«n-thick PC film (produced by Teijin 
Ltd., Pureace) was used instead of the PET film as the 
transparent polymer substrate. The others were carried out 
similarly as in Example 2, and fine particles having an 
average diameter of 3 fim were used. Thus, the cross-linked 
polymer layer 5 (thickness: about 3 fim) and the particle- 
containing cross-linked polymer layer 6 (thickness: about 
2.6 fim) were disposed on one surface and the other surface 
of the PC film, respectively. 

Subsequently, a coating liquid N for the cross-linked 
polymer layer 9 was prepared by the following procedure. 
Namely, the coating liquid N for the cross-linked polymer 
layer 9 was prepared by diluting tetrabutoxytitanate 
(produced by Nihon Soda Co., B-4) with a mixture solvent 
of ligroin with butanol. The coating liquid N for the cross- 
linked polymer layer 9 was coated on the particle-containing 
cross-linked polymer layer 6 and then thermally treated at 
130° C. for two minutes to form the cross-linked polymer 
layer 9 having a thickness of about 41 nm and a refractive 
index of about 1.82. 

Further, the coating liquid M in Example 1 was used as a 
coating liquid for the cross-linked polymer layer 7. The 
coating liquid M was coated on the cross-linked polymer 
layer 9 and then thermally treated at 130° C. for 5 minutes 
to form the cross-linked polymer layer 7 having a thickness 
of about 51 nm and a refractive index of about 1.47. The 
minimum wavelength of the surface reflectance of the 
cross-linked polymer layer 7 was 300 nm. 

Then, the transparent conductive layer 8 was disposed on 
the cross-linked polymer layer 7 to form the laminate 
similarly as in Example 1. The surface resistance of the 
transparent conductive layer of the electrode substrate for 
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Example 9 was about 300 Q/M, and the average height and 
density of bumps in the surface of the transparent conductive 
layer were 0.6 /an and 1,170 bumps/ mm 2 , respectively. The 
laminate was used as the movable electrode substrate of 

5 Example 9. 

And, in Comparative Example 7, a 100 /un-thick PC film 
(produced by Teijin Ltd., Pureace) was used instead of the 
PET film as the transparent polymer substrate. The others 
were carried out similarly as in Comparative Example 2, and 

io fine particles having an average diameter of 4.5 fim were 
used. Thus, the cross-linked polymer layer 5 (thickness: 
about 3 ,am) and the particle-containing cross-linked poly- 
mer layer 6 (thickness: about 3.1 fim) were disposed on one 
surface and the other surface of the PC film, respectively. 

15 Subsequently, the coating liquid N for the cross-linked 
polymer layer 9 was coated on the particle-containing cross- 
linked polymer layer 6 and then thermally treated at 130° C. 
for two minutes to form the cross-linked polymer layer 9 
having a thickness of about 41 nm and a refractive index of 

20 about 1.82. Further, the coating liquid M of Example 1 was 
used as a coating liquid for the cross-linked polymer layer 7. 
The coating liquid M was coated on the cross-linked poly- 
mer layer 9 and then thermally treated at 130° C. for 5 
minutes to form the cross-linked polymer layer 7 having a 

25 thickness of about 51 nm and a refractive index of about 
1.47. The minimum wavelength of the surface reflectance of 
the cross-linked polymer layer 7 was 300 nm. 

Subsequently, the transparent conductive layer 8 was 
formed on the cross-linked polymer layer 7 to form the 

30 laminate similarly as in Example 1. The surface resistance of 
the transparent conductive layer of the electrode substrate 
for Comparative Example 7 was about 300 Q/B, and the 
average height and density of bumps in the surface of the 
transparent conductive layer were 1.15 fim and 300 bumps/ 

3 mm 2 , respectively. The laminate was used as the movable 
electrode substrate of Comparative Example 7. 

The electrode substrate, a fixed electrode and a polarizer 
(produced by Sanritlsu K.K., LLC2-9218AGHSF) were 
used to manufacture a touch panel shown in FIG. 2. Therein, 
FIG. 2 is a conception diagram showing a part of the 
structure, and a peripheral insulating layer, an adhesive layer 
and a leading circuit to outsides were omitted. 
The writing durability of the touch panel of Example 9 

45 was 200,000 times and extremely excellent. 

On the other hand, the writing durability of the touch 
panel of Comparative Example 7 was 50,000 times and 
inferior. 

Example 10 

FIG. 3 is a touch panel showing an example of the present 
invention. In FIG. 3, 3 is a dot spacer; 4 is a PET film or PC 
film; 5 is a cross-linked polymer layer; 6 is a particle- 
containing cross-linked polymer layer; 7, 9 are cross-linked 

55 polymer layers; 8 is a transparent conductive layer; and 11 
is a PC sheet. A fixed electrode substrate comprises the PC 
sheet 11, the PC film 4, the cross- linked polymer layer 5, the 
particle-containing cross-linked polymer layer 6, the cross- 
linked polymer layers 7, 9, the transparent conductive layer 

60 8 and a dot spacer 3. A movable electrode substrate com- 
prises the PET film 4, the cross-linked polymer layer 5, the 
cross-linked polymer layer 7 and the transparent conductive 
layer 8. 

The movable electrode substrate of the touch panel was 
65 manufactured by the following method. The coating liquid L 
used in Example 1 was coated on one surface of a 188 
,am-thick PET film (produced by Teijin Ltd., OFW) as a 
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transparent polymer substrate. The coating film was dried at 
60° C. for one minute and then cured by the irradiation of 
light in a condition comprising an integrated light quantity 
of 450 mJ/cm 2 by the use of a high pressure mercury lamp 
having a strength of 160 w/cm to dispose the cross-linked 
polymer layer 5 (thickness: about 3 fim). Similarly, a cross- 
linked polymer layer 5 (thickness: about 3 /an) was disposed 
on the opposite side of the PET film. 

Subsequently, the coating liquid M used in Example 1 was 
coated on one of the cross-linked polymer layers 5 and then 
thermally treated at 130° C. for five minutes to form the 
cross-linked polymer layer 7 having a thickness of about 35 
nm. 

Subsequently, the transparent conductive layer 8 was 
disposed to the cross-linked polymer layer 7 to form a 
movable electrode substrate by the same method as in 
Example 1. The surface resistance of the transparent con- 
ductive layer 8 was about 300 Q/B. 

Then, the fixed electrode substrate was manufactured as 
follows. 

Similarly in Example 9, a 100 /«n-thick PC film 
(produced by Teijin Ltd., Pureace) was used as a transparent 
polymer substrate, and the cross-linked polymer layer 5 
(thickness: about 3 fim) and the particle-containing cross- 
linked polymer layer 6 (thickness: about 2.6 fim) were 
disposed on one surface and the other surface of the PC film, 
respectively. 

Subsequently, by the same method as in Example 9, the 
cross-linked polymer layer 9 having a thickness of about 41 
nm and a refractive index of about 1.82 was formed on the 
particle-containing cross-linked polymer layer 6, and the 
cross-linked polymer layer 7 having a thickness of about 51 
nm and a refractive index of about 1.47 was formed on the 
cross-linked polymer layer 9. The minimum wavelength of 
the surface reflectance of the cross-linked polymer layer 7 
was 300 nm. 

Successively, similarly as in Example 1, the transparent 
conductive layer 8 having a thickness of about 22 nm and a 
refractive index of about 2.0 was disposed to the cross- 
linked polymer layer 7 to form the electrode substrate. The 
surface resistance of the transparent conductive layer of the 
electrode substrate was about 300 Q/B, and the average 
height and the density in the surface of the transparent 
conductive layer were 0.6 fim and 1,170 bumps/ mm 2 , 
respectively. The b* value of psychometric chroma coordi- 
nates of transmitted light in the CIE 1976 (L*a*b*) Space 
was +0.6. 

Then, a 1 mm-thick PC sheet (produced by Teijin Chem. 
Ltd., Panlite) 11 was adhered to the surface of the cross- 
linked polymer layer 5 on the opposite side of the electrode 
substrate to the side on which the transparent conductive 
layer 8 was disposed. Further, the dot spacer 3 having a 
height of 7 fim, a diameter of 70 fim and a pitch of 1.5 mm 
was disposed on the transparent conductive layer 8 to form 
the fixed electrode substrate. 

The movable electrode substrate and the fixed electrode 
substrate were used to form the touch panel shown in FIG. 
3. Therein, the present Figure is a conception diagram 
showing a part of the structure, and a peripheral insulating 
layer, an adhesive layer and a leading circuit to outsides 
were omitted. 

The writing durability of the touch panel was 150,000 
times and excellent. Further, the touch panel has character- 
istics that the touch panel is lightweight and is not broken 
down, even when dropped. 
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Utilization in Industry 

As mentioned above, since the average height of bumps 
and the density of bumps in the surface of the transparent 
conductor layer are 0.3 to 1 fim and 350 to 1,800 bumps/ 
5 mm 2 , respectively, the transparent conductive laminate of 
the present invention can be used as an electrode substrate 
to provide a touch panel which has excellent writing 
durability, does not generate an interference fringe in the 
touch panel, does not make the letters of the display dim, and 
1Q gives extremely easily readable letters. 

What is claimed is: 

1. A transparent conductive laminate comprising a trans- 
parent polymer substrate and a transparent conductive layer 
disposed on at least one of sides of the transparent polymer 
15 substrate, said transparent conductive layer has a surface 
containing micro bumps, wherein: 

(1) said transparent conductive laminate comprises a 
cross-linked polymer layer (A) containing fine particles 
and a cross-linked polymer layer (B) between the 

20 transparent polymer substrate and the transparent con- 
ductive layer, said cross-linked polymer layer (A) is 
disposed between the transparent polymer substrate 
and said cross-linked polymer layer (B); 

(2) the cross-linked polymer layer (B) contacts the trans- 
25 parent conductive layer; and 

(3) the surface of said transparent conductive layer com- 
prises the bumps having an average height of 0.3 to 1 
fas and a density in the range of 350 to 1,800 bumps/ 
mm 2 . 

30 2. The transparent conductive laminate according to claim 
1, wherein the cross-linked polymer layer (A) has a surface 
facing the cross-linked polymer layer (B), said surface 
comprises micro bumps having an average height of 0.3 to 
1 fim and a density of 350 to 1,800 bumps/mm 2 . 

35 3. The transparent conductive laminate according to claim 
1, wherein the cross-linked polymer layer (B) is 20 to 110 
nm in thickness. 

4. The transparent conductive laminate according to claim 
1, wherein the cross-linked polymer layer (A) comprises a 

40 radiation-cured acrylic resin. 

5. The transparent conductive laminate according to claim 
1, wherein the fine particles have an average diameter of 2 
to 4 /an. 

6. The transparent conductive laminate according to claim 
45 1, wherein the cross-linked polymer layer (B) does not 

contain fine particles substantially. 

7. The transparent conductive laminate according to claim 
1, wherein the cross-linked polymer layer (B) is obtained by 
hydrolyzation and condensation polymerization of a metal 

50 alkoxide. 

8. The transparent conductive laminate according to claim 
1, wherein the transparent polymer substrate is a film or 
sheet of a thermoplastic polymer. 

9. The transparent conductive laminate according to claim 
55 1, wherein the transparent conductive layer comprises 

mainly a metal oxide. 

10. A transparent conductive laminate comprises a trans- 
parent polymer substrate and a transparent conductive layer, 
said transparent polymer substrate is a thermoplastic poly- 

60 mer film or sheet, said transparent conductive layer com- 
prising mainly a metal oxide, wherein the transparent con- 
ductive layer is disposed on one of sides, and the transparent 
conductive layer has a surface containing micro bumps, 
further wherein: 
65 (1) said transparent conductive laminate comprises, 
between the transparent polymer substrate and the 
transparent conductive layer, a radiation-cured resin 
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layer (Al) which comprises an acrylic resin containing 
fine particles having an average diameter of 2 to 4 /aa, 
and a cross-linked polymer layer (Bl) which does not 
containing fine particles substantially and obtained by 
hydrolyzation and condensation polymerization of a 
metal alkoxide, said radiation-cured resin layer (Al) is 
disposed between said transparent polymer substrate 
and the cross-linked polymer layer (Bl); 

(2) said cross-linked polymer layer (Bl) has 20 to 110 nm 
in thickness and contacts with the transparent conduc- 
tive layer; and 

(3) said transparent conductive layer has a surface con- 
taining midcro bumps having an average height of 0.3 
to 1 fan and a density of 350 to 1,800 bumps/mm 2 . 

11. The transparent conductive laminate according to 
claim 1, the laminate further comprises a cross-linked poly- 
mer layer (C) disposed between the cross-linked polymer 
layer (A) containing fine particles and the cross-linked 
polymer layer (B), said cross-linked polymer layer (C) has 
a higher refractive index than that of the cross-linked 
polymer layer (B). 

12. The transparent conductive laminate according to 
claim 11, wherein said transparent conductive layer has a 
surface having an average reflectance of not more than 5.5% 
in wavelength of 450 to 650 nm and a b* value of trans- 
mitted light being -2 to +3, wherein said b* value is 
obtained based on psychometric chroma coordinates in the 
CIE 1976 (L*a*b*) Space according to Japan Industrial 
Standard No. Z8729. 

13. The transparent conductive laminate according to 
claim 12, wherein the cross-linked polymer layer (C) has a 
refractive index in a range of 1.7 and +0.3 higher than the 
refractive index of said transparent conductive layer, and has 
20 to 90 nm in thickness; said cross-linked polymer layer (B) 
has 1.35 to 1.5 in refractive index and 30 to 110 nm in 
thickness; said transparent conductive layer has 12 to 30 nm 
in thickness; and the cross-linked polymer layer (C), the 
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cross-linked polymer layer (B) and the transparent conduc- 
tive layer have 180 to 230 nm in total of optical path length 
of each layer (wherein the optical path length is a value 
obtained by multiplying a refractive index of a layer with a 
5 thickness of the layer). 

14. The transparent conductive laminate according to 
claim 13, wherein the cross-linked polymer layer (C) and the 
cross-linked polymer layer (B) are cross-linked polymer 
layers obtained by mainly hydrolyzation and condensation 

10 polymerization of metal alkoxides, respectively. 

15. The transparent conductive laminate according to 
claim 12, wherein said cross-linked polymer layer (C) has a 
refractive index in a range of 1.7 and +0.3 higher than the 
refractive index of said transparent conductive layer; said 

13 cross-linked polymer layer (B) has 1.35 to 1.5 in refractive 
index; said transparent conductive layer has 12 to 30 nm in 
thickness; and said polymer layer (B) has a minimum point 
of surface reflectance within a wavelength range between 
260 and 390 nm. 

20 16. The transparent conductive laminate according to 
claim 15, wherein said cross-linked polymer layer (C) and 
said cross-linked polymer layer (B) are cross-linked polymer 
layers obtained by mainly hydrolyzation and condensation 
polymerization of metal alkoxides, respectively. 

25 17. A touch panel comprising two transparent electrode 
substrates, each of the substrates has a conductive layer at 
least one side of the substrate, the transparent conductive 
layers of the two substrates face each other, characterized in 
that at least one of the transparent conductive substrates is 

30 the transparent conductive laminate according to claim 1. 
18. The touch panel according to claim 17, said touch 
panel further comprises a transparent polymer film or sheet 
being laminated to a side opposite to the side where the 
transparent conductive layer of the transparent conductive 

' 5 laminate is formed. 

* * * 4c * 



